Expression of a dominant negative mutant innexin in identified neurons and glial cells reveals selective interactions among gap junctional proteins.
Neurons and glia of the medicinal leech CNS express different subsets of the 21 innexin genes encoded in its genome. We report here that the punctal distributions of fluorescently tagged innexin transgenes varies in a stereotypical pattern depending on the innexin expressed. Furthermore, whereas certain innexins colocalize extensively (INX1 and INX14), others do not (e.g., INX1 and INX2 or INX6). We then demonstrate that the mutation of a highly conserved proline residue in the second transmembrane domain of innexins creates a gap junction protein with dominant negative properties. Coexpressing the mutated INX1 gene with its wild type blocks the formation of fluorescent puncta and decouples the expressing neuron from its normal gap junction-coupled network of cells. Similarly, expression of an INX2 mutant transgene (a glial cell innexin), blocks endogenous INX2 puncta and wild-type transgene puncta, and decouples the glial cell from the other glial cells in the ganglion. We show in cell culture with dye-uptake and plasma membrane labeling experiments that the mutant innexin transgene is not expressed on the cell membrane but instead appears to accumulate in the cell's perinuclear region. Lastly, we use these mutant innexin transgenes to show that the INX1 mutant transgene blocks not only INX1 puncta formation, but also puncta of INX14, with which INX1 usually colocalizes. By contrast, the formation of INX6 puncta was unaffected by the INX1 mutant. Together, these experiments suggest that leech innexins can selectively interact with one another to form gap junction plaques, which are heterogeneously located in cellular arbors. © 2013 Wiley Periodicals, Inc. Develop Neurobiol 73: 571-586, 2013.